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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

INVESTIGATION AT HIGH SUBSONIC SPEEDS OF THE EFFECT OF
BORIZONTAL-TAIL LOCATION ON LONGITUDINAL AND LATERAL
STABILITY CHARACTERISTICS OF A COMPLETE MODEL
HAVING A SWEPTBACK WING IN A HIGH LOCATION

By H. Norman Silvers and Thomas J. King, Jr.
SUMMARY

An investigation was made at high subsonic speeds of the longitudinal
and lateral stability characteristics of a camplete model having four
vertical locations of the horizontal tail and a sweptback wing located
in a high position on the fuselage. The wing had 45° of sweepback, an
aspect ratio of 4.0, and a taper ratio of 0.3. The results were obtained
in the Langley high-speed T7- by 10-foot tunnel at Mach numbers from 0.80
to 0.92.

The results show that longitudinal instability at moderate angles
of attack was avoided only by placing the horizontal tail below the wing
chord plane. At low lift coefficients, the contribution of the horizontal
tail to longitudinal stability was increased as the tall was moved to the
high or low positions. At the lowest test Mach number (M = 0.8) the
directional stabllity decreased appreciably with increasing 1ift coeffi-
cient for all horizontal-tail locations. Directional stability at high
1lift coefficients improved with increasing Mach number, particularly when
the horizontal tail was mounted at the top of the vertical tail. At low
1ift coefficients the contribution of the tail assembly to directional
stability was a minimum in a medium position (0.084 wing span above wing
chord plsne). Moving the horizontal tail from the fuselage center line
to the top of the vertical tail resulted in a large increase in effective
dihedral, particularly at low lift coefficients.

INTRODUCTION
Many coordinated research programs have been undertaken in flight

and wind tunnels to develop the present understanding of aircraft
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2 CONFIDENTIAL NACA RM L5S6B10

stability problems at low speeds. The National Advisory Committee for
Aeronautics 18 presently extending available research results to high

subsonic and supersonic speeds. In reference 1l are presented the sta- *
bility characteristics of a model at low speeds with various vertical
locations of the wing and horizontal tail. Similar results are presented
in reference 2 at supersonic speeds. The results in the present paper
were obtained at high subsonic speeds on a model having a 45° sweptback
wing located high on the fuselage. The effects of vertical location of
the horizontal tail and the various component parts of the model on
static longitudinal and lateral stability characteristics are presented.

The purpose of the present paper is to present and discuss briefly
the experimental results of this investigation.

COEFFICIENTS AND SYMBOLS

Al]l data are presented about the stabllity system of axes as shown
in figure 1. The pitching-moment coefficients are referred to the quarter
chord of the mean aerodynamic chord.

CL 11ft coefficient, E%E
Cp drag coefficient, Il;%-
Cm pitching-moment coefficient, Pitctli;gégmanent
Cy rolling-moment coefficient, Rouiggé_bmanent
Cn yawing-moment coefficient, Yawing moment
qQSb
Cy side-force coefficient, §Lde_q§£°.§
S ving area, sq ft
c ving mean aerodynamic chord, § A blzczdy, £t "
c local chord parallel to plane of symmetry, ft N
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W X < D

R

Acfy

wing span, ft
dynamic pressure, 9—‘2’3, 1b/sq £t

mass density of air, slugs/cu £t
free-stream velocity, f£t/sec

Mach number

Reynolds number of wing based on ¢

angle of attack, deg

angle of sideslip, deg

sweep angle .of guarter-chord line, deg
spanwise distance from plane of symmetry, ft

horizontal-tall height from fuselage center line, positive
upvard, ft

oc
lift-curve slope, &L

pitching-moment-curve slope, gc(—;m
L

horizontal-tail contribution to CmcL, (CmCL>WFVH - (cmL)VIFV

tail contribution to Cyg, (CYp) WFVE (cYB) WF

tail contribution to C c - (cn>
g’ (nﬁ>wwn B/ wr

tail contribution to Czﬂ, (CzB) - (CIB)WF
longitudinal location of effective tall center of pressure,
ACn
i
ACya

at a = 0°
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Z vertical location of effective tail center of pressure,
b AC;E o
at a =0
M!B
Subscripts:
t tip
r root
B denotes partial derivative of a coeffita:éent with respect to
sideslip angle; for example, Czp = 'aTl
o denotes values of a parameter at zero lift coefficient
a = 0° value at angle of attack of 0°

Designation of model components:

W wing

F fuselage

\'J vertical tail

A vertical tail + ventral fin
H horizontal tail

MODEL. AND APPARATUS

A three-view drawing and tabulated geometric characteristics of the
model are presented in figure 2,

The wing was located in a high position such that the wing upper
surface at the plane of symmetry was approximately coincident with the
highest point on the fuselage. The wing was mounted with O° incidence
and dihedral. Ordinates of the fuselage are presented in table I.

The four vertical locations of the horizontal tail are illustrated
in figure 3 and are designated low, center, medium, and high. These

designations are employed herein. The incidence of the horizontal tail
in each vertical location was 0°.

CONFIDENTTAL
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The model was sting supported and data were obtained from a six-
component strain-gage balance located within the fuselage of the model.

TESTS

Longitudinal tests were made in the Langley high-speed 7- by 10-foot
tunnel at constant Mach numbers of 0.80, 0.85, 0.90, and 0.92 and at O°
sideslip through an angle-of-attack range from about -2° to about 23° at
the lowest Mach number. Lateral parameters were determined through the
angle-of -attack range at sideslip angles of *4°. Lateral-parameter data
were obtained at the same Mach numbers and over approximately the angle-
of-attack range covered in tests at O° sideslip. Tests were also made
at constant angles of attack of approximately 0°, 13°, 16°, and 19°
through a range of sideslip angle from about -4° to about 12°. At the
highest Mach numbers both the angles of attack and angles of sideslip
of the model were restricted for structural reasons.

The investigations were performed on the complete model with four
vertical locations of the horizontal tail and with the horizontal tail
removed. In addition, lateral-parameter tests were performed on the
wing-fuselage combination and on the wing-fuselage combinsetion with the
vertical tail plus the ventral fin. It should be noted that the ventral
fin was used as a support for the horizontal tail in the low position
and, except for a test with the horizontal tail off, was used only for
this location of the horizontal tail. Sideslip tests (-4° < g £ 120)

were performed for two vertical locations (center and high) of the
horizontal tail.

The Reynolds number based on the mean serodynamic chord varied with
Mach number as illustrated in figure k.

CORRECTIONS

Blockage corrections were applied to the results by the method of
reference 3. Jet-boundary corrections were applied to the angle of
attack and drag by the method of reference 4. The drag coefficients

were corrected for a longltudinal pressure gradient that exists in the
tunnel.

No sting interference tares were applied to the results. The drag
coefficients were adjusted to correspond to a condition of free-stream
static pressure at the base of the model.

CORFIDENTTAL
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No attempt was made to correct the results for aeroelastic distortion
of the model.

PRESENTATION OF RESULTS

The results of the investigation are presented in the figures which
are listed as follows:

Figure

Longitudinal characteristics of the model with various
vertical locations of the horizontal tail . . . . «. « « ¢« «c « 5 to 8

Effect of tall height on longitudinal parameters . . . . . . . 9
Lateral stabllity parameters of the model without the

horizontal tail . . & . ¢ & ¢ ¢ ¢ ¢ 4 ¢ ¢ o o ¢ o o o s o o o 10
Lateral stability parameters of the model with various vertical

locations of the horizontal tall . . . . . . . ¢ ¢ ¢« ¢« « & & 11
Effect of Mach number on variation of Cpg with Cy, . . . . . . . 12
Variation of static lateral stability parameters with horizontal-

tail height at low 1ift coefficients . . « ¢« ¢« ¢ ¢ ¢ o ¢ o« & 13
Lateral characteristics of the model with two vertical locations

of the horizontal a1l . . v v . 4 v 4 ¢ ¢ o ¢ o « o« « « » « 14 t0o 17

DISCUSSION

Longitudinal Characteristics

In figures 5 to 8 are shown the longitudinal characteristics of the
mode)l without a horizontal tail and with a horizontal tail in four verti-
cal locations. The pitching-moment results (figs. 7 and 8) show that
without a horizontal tail the wing-fuselage combination develops the
usual pitch-up tendency to be expected for the wing plan form used. It
is to be noticed that the wing-fuselage combination referred to consists
of the wing, fuselage, and the vertical tail. Pitch-up occurs near the
sz.ngle of attack where decreases in lift-curve slope are first indicated

fig. 5).

The vertical location of the horizontal tail has a pronounced effect
on the pitch-up characteristics of the wing-fuselage combination. Im
general, the horizontal tail in the high or the medium vertical location
(figs. 7 and 8) does not appear to improve the pitch-up characteristics.
The center and low locations of the horizontal tail (0.056b and 0.126b
below the wing chord plane, respectively) reduced the pitch-up tendencies
of the wing-fuselage combination at all Mach numbers with the best char-
acteristics being shown by the low tail.

CONFIDENTIAL
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The effects of horizontal-tail height on some longitudinei charac-
teristics at zero lift are shown in figure 9. As the tail was raised
from the low to the high position, the pitching moment at zero angle of
attack varied from a negative value to a positive wvalue, the magnitude
of the variation being somewhat greater at M = 0.90 than at M = 0.80.
This variation probably results chiefly from the stream pressure and
angularity field induced by the vertical tail and fuselage afterbody.
Laa.crge effects of horizontal-tail height on the pitching-moment slope

—B) and the tail contribution are indicated in figure 9.
301,)0 aCL /o
An increase in tail contribution to longitudinel stability resulted as
the tail was moved either above or below the wing chard plane, apparently
because of decreased downwash at the tall plane. When mounted on the
fuselage center line, the horizontal tail was approximately TO percent
as effective as when mounted at the top of the vertical tail.

Lateral Characteristics

The lateral stability derivatives (fig. 11) indicate that at the
lowest test Mach number (M = 0.80) the directional stability of the
complete model with the horizontal tail at any of the vertical locations
investigated decreased rapidly as the 1ift coefficient was increased
above 0.8. This decrease is a result of a reduction in tail effectiveness,
since with the horizontal and vertical tails removed, relatively small
variations of an with Cj, are indicated (fig. 10). An indication

of the effects of increasing the test Mach number from 0.80 to 0.92 is
illustrated for center and high tail locations in figure 12. For either
tall arrangement, directional stability at the higher 1ift coefficient
wvas improved as the Mach number increased. The improvements were small
for the center tail, but were of such magnitude for the high horizontal
tall that at a Mach number of 0.92, Cnﬁ increased continuously over

the test lift-coefficient range.

At low 1ift coefficlents, the magnitudes of the directional stability
of the complete model and of the tail contribution to directional sta-
bility (fig. 13) varied with tail height in much the same manner indicated
by previous low-speed tests (ref. 1). The curves in figure 13 have been
faired with solid lines only through the range from the center taill loca-
tion to the high tail with results for the low tall indicated by points
faired with a broken curve, since additional fin area had to be added to
provide a support for the low horizontal tail. Nevertheless, the results
for the low tail seem to follow the trend established by the other tail
arrangements. As would be expected from consideration of end-plate
effects, the directional stability is a minimum whun the horizontal tail
is in the medium position and is almost the same as the value with hori-
zontal tail removed (indicated by solid isolated symbols). At Mach

CONFIDENTIAL
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numbers of 0.80 and 0.90 the directional stability of the model with the
medium horizontal-tail location was about ome-fourth of the directional
stabllity of the high tail arrangement. The tail contribution to the
directional stability of the medium tail configuration was about 60 per-
cent of the contribution for the high tail arrangement.

At lov 1lift coefficients, an upwvard movement of the horizontal tail
increases the negative value of both the effective dihedral derivative
Clip and of the tail contribution to Cip. (See fig. 13.) This is

indicative of a possible upward movement of the center of the load due
to sideslip in addition to the increase in tail effectiveness. Figure 13
shows effective tail centers of pressure as determined from the tail
contribution to the stability derivatives. As the horizontal tall is
moved from the center to the high position an upward movement of center
of pressure equal to 11 percent of the wing span (40 percent of the
vertical tail span) is indicated. Only a slight fore and aft movement

is shown.

Variations of the lateral coefficients Cy, Cp, and Ci with side-

slip angle are presented in figures 14 to 17 for the camplete model having
center and high tail locations. In general, the directional stability is
somevhat better at moderate angles of sideslip (5° to 10°) than at low
sideslip angles for the center tail configuration; the high tail config-
uration, however, at a = 19° becomes directionally unstable above
p=8 at M=0.80 and B =6° at M = 0.85. The rolling-moment

. curves also are nonlinear, particularly in the angle-of-attack range

from 13° to 16°. In this range, the effective dihedral at the higher
sideslip angles is somewhat larger than at low sideslip angles.

CONCLUSIONS

An investigation at high subsonic speeds of the longitudinal and
lateral stability characteristics of a complete model with varying vertical
location of the horizontal tail and e sweptback wing in a high location
on the fuselage indicates the following conclusions:

1. For the model configuration investigated, longitudinal instability
at moderate lift ccefficients was avoided only by placing the horizontal
tail below the wing chord plane.

2. At low lift coefficients, the contribution of the horizontal tail
to longitudinal stability was increased as the horizontal tail was moved
to high or low positions. When mounted on the fuselage center line the
horizontal tail was TO percent as effective as when mounted at the top
of the vertical tail.

CONRFIDENTIAL
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3. At the lowest test Mach number (M = 0.80), the directional sta-
bility decreased appreciably at the higher 1lift coefficients for all
horizontal-tail locations. Directional stability at high 1ift coeffi-
cients improved with increasing Mach number, particularly when the hori-
zontal tail was mounted at the top of the vertical tail.

k. At low 1ift coefficients, the directional stability and the
contribution of the tail assembly to directional stability was a minimum
when the horizontal tail was mounted in a medium position (0.084 wing span
above wing chord plane). For this tail arrangement the directional sta-
bility and the contribution of the tall assembly to the directional sta-

bility were about 25 and 60 percent, respectively, of that obtained when
the horizontal tail was mounted at the top of the vertical tail.

5. As the horizontal tail was moved from the fuselage center line
1o the top of the vertical tail, the effective center of pressure of the
load due to sideslip was raised by an amount equal to 1l percent of the
wing span or 40 percent of the vertical-tail span. This change in center
of pressure, along with the increased tail effectiveness resulted in a
large increase in effective dihedral, particularly at low lift coefficients.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
langley Field, Va., January 30, 1956.
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TABLE I
FUSELAGE ORDINATES

54.72 -
4127

:—/250—-1

el

N Cylindrical section

Ordinates, in. ;
Station Radius | ‘
|
!

0 0
200 53
4.00 100 ,3
6.00 /144 |
800 /.80
10.00 207
1200 230
14.00 242 |
1600 247 |
17.50 250 | |
41.27 250 1
43.27 242
4527 235
4727 225
48.30 214
54.72 /65
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Side force
L 4
<
% i
»,, ot
4 Yawing moment
V4
P -
Rolling moment
Lift
4
X

Rolling moment

e

o

Relative wind

Figure 1.- Stability system of axes.

P4

and angles are indicated by arrows.
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4x/06

o

75 80 85 .90 95
Mach number,M

Figure 4.- Variation with Mach number of Reynolds number (based on wing
mean aerodynamic chord).
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4
4

zae

T
T

/12

0 2 4 6 8 /0
Lift coefficient,C,

4

/4

M

85

M=80

Figure 5.~ Variation of 1lift coefficient with angle of attack of high-
wing—fuselage model without and with horizontal tall at various
vertical locations.
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Figure 5.- Concluded.
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Hox tail position
a orr
© High
o Medium
-] Center
A Low
40 .56 i !
36 S i "o it
32 485 ' S
28 4 i i
24 40
20 36} i
L
16 32} i
12 28 ;
Q
S o8 24}
.
Q y .
L 04 20
O
8
S 0 /6 M-85
()
>
S Wi
Q as
08
04
o i fisiidacissdst M=80

2 0 2 4 6 8 0 12 4
Lift coefficient, C,

Figure 6.~ Variation of drag coefficient with 1ift coefficient of high-
wing—fuselsge model without and with horizontal tail at various
vertical locations.
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Figure 6.- Concluded.
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Hor. tail position
orr
High
Medium .
Center
Low

> OO0 OP

T
1

o M=80

1
3

N
e
0

Pitching - moment coefficient,Cy,

suss
.

2 4

-2 o 2 4 6 8 w0 12 @
Lift coefficient, C,

Figure 7.- Variation of pitching-moment coefficient with 1lift coefficient
of high-wing—fuselage model without and with horizontal tail at various
vertical locations.

CONFIDENTIAL




oy

i T AT A i e ST A . ¥ kY BRI B A N Y U . - ——

d 19
@
]
I o
~
HQ
~
o <
.M == N
= Q
P : 3
w' m, Tt 6.0
3 h.mh.wm 3 <
mm uu.m.wm Mw ) Jw
QX QN ! Q
N T S
m bua! e
40 0 0 a s >
1 n/_u
]H 0
11 2 6 0 4 8 N
m s 5 3 8§ 3 N N
t

W 4US19144909 Juswow - buryay o

NACA RM L56B10
o8
o4
0

Figure 7.- Continued.




‘e
S

22 CONFIDENTIAL NACA RM L56B10

o veeesdaa—d M

Hor. tail position =
orr ;
High
Medium - '
Center i :
Low ! l

» 00DOVFP

o MBI v 02

/6 oefI A

l
|
N T T NG e -
-20 o4 N L

IR i il i
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Figure 7.- Concluded.
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Figure 8.- Variation of pitching-moment coefficient with angle of attack
of high-wing—fuselage model without and with horizontal tail at various
vertical locations.
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Figure 8.- Continued.
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Configuration

o Wing-fuselage
o Wing- fuselage - vertical tail-ventral fin
o Wing- fuselage - vertical tail
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Figure 10.- Variation of static lateral stability parameters with 1lift
coefficient of high-wing—fuselage model without and with vertical tail.
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Configuration

o Wing - fuselage
o Wing - fuselage - vertical tail-ventral fim
O Wing - fuselage - vertical tail
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Figure 10.- Continued.
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Configuration
© Wing - fuselage
o Wing-fuselage-vertical tail- ventral fin
© Wing- fuselage- vertical tail
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Figure 10.- Continued.
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Configuration

© Wing- fuselage
o Wing - fuselage- vertioal tail-ventral tin
© Wing- fuselage- vertical tail
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Figure 10.- Concluded.

CONFIDENTIAL




NACA RM L56B10 CONFIDENTIAL 31
HMor 1oil position
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Figure 1l.- Variation of static lateral stability parameters with 1lift

coefficient of high-wing—fuselage model without and with horizontal
tail at various vertical locations.
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MHor toil position
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Figure 11.- Continued.
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Figure 1l1.- Concluded.
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Figure 1li.- Variation of lateral aerodynamic characteristics with angle
of sideslip at various angles of attack of high-wing—fuselage model

with horizontal tail in center and high positions.
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Figure 14.- Continued.
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CONFIDENTTAL ’




CONFIDENTIAL

Hor. rail position

o High
o Center

T

A,deg

(a) Cy against B.

NACA RM L56B10

as/96°

a=/62°

a=/30°

a=0°

Figure 15.- Variation of lateral aerodynamic characteristics with angle
of sideslip at various angles of attack of high-wing—fuselage model

with horizontal tail in center and high positions.
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Figure 15.- Concluded.
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Figure 16.- Variation of lateral aerodynamic characteristics with angle

of sideslip at various angles of attack of high-wing—fuselage model
with horizontal tail in center and high positions. M = 0.90.
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Figure 16.- Continued.
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Figure 16.- Concluded.
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Figure 17.- Variation of lateral aerodynamic characteristics with angles

of sideslip of high-wing-—fuselage model with horizontal tail in center
and high positions. M = 0.92; a = 0O,
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